Abstract Gypsum is a crude mineral drug used in the formulas of Japanese kampo medicine and traditional Chinese medicine. The present study aimed to evaluate the anti-allergic effect of byakkokakeishito extract (BKT), which consists of gypsum (natural hydrous calcium sulfate), Anemarrhena Rhizome (rhizome of Anemarrhena asphodeloides), Cinnamon Bark (bark of trunk of Cinnamomum cassia), Oriza Seed (seed of Oryza sativa), and Glycyrrhiza (root and stolon of Glycyrrhiza uralensis), and to clarify the role of gypsum in the formula. We prepared BKT by boiling a mixture of various quantities of gypsum and fixed amounts of the other four crude drugs in water. We evaluated the anti-allergic activity of the formulations using three different murine models of allergy: contact dermatitis induced by painting hapten onto skin; allergic dermatitis-like symptoms induced by cutaneous injection of mite-antigen; and skin passive cutaneous anaphylaxis (PCA) reaction using ovalbumin as antigen. The calcium content in the various BKT samples was dose-dependently increased up to 60 g/day of human dosage. BKT significantly suppressed the allergic symptoms in the three different experimental models. The effect of BKT was augmented by increasing the gypsum dosage only in the PCA reaction model. The extract prepared from a mixture of Anemarrhena Rhizome and gypsum exhibited an effect comparable to that of BKT. BKT exhibits an anti-allergic effect in several animal models, which may provide experimental evidence for the clinical use of BKT in allergic diseases. Gypsum may augment the anti-allergic activity of BKT, presumably through increasing intestinal absorption of Anemarrhena Rhizome-derived active constituents.
Introduction
Gypsum is a crude mineral drug used in traditional Japanese kampo medicine and traditional Chinese medicine. In the Japanese Pharmacopoeia XVI Edition (JPXVI) [1] , gypsum is defined as natural hydrous calcium sulfate and is prescribed in 13 of the over-the-counter kampo formulas permitted by the Ministry of Health, Labour and Welfare of Japan. According to the theory of kampo medicine, gypsum clears ''heat'', drains ''fire'', and promotes ''fluid'' production, which leads to treatment of symptoms including profuse sweating, oral dryness, severe thirst, feeling of heat or burning skin, and itching [2] . Ikarashi et al. [3] reported that in mice given a diet containing 0.3 % gypsum powder for 4 weeks, the expression levels of aquaporin 3 mRNA and protein in the skin were increased. Since aquaporin 3 plays an important role in maintaining skin hydration, the traditional usage of gypsum may be related to this pharmacological effect.
In kampo medicine, prescribed crude drugs in formulas are mostly boiled in water, and the resulting decoction is administered to the patient after removing the residues by filtration. Since the solubility of CaSO 4 in water is low (*1.6 g/l at 100°C) and since gypsum contains few organic compounds, the pharmacological role of gypsum prescribed in kampo formulas remains unknown, and some researchers have attempted to solve it. There have been some reports describing the interaction of gypsum with other crude drugs prescribed together in kampo formulas. For example, gypsum counteracted the thermogenous effect of Ephedra Herb (terrestrial stem of Ephedra sinica) when administered simultaneously to rats [4] . The suppressive effect of byakkokaninjinto, a kampo formula consisting of Gypsum and four other crude drugs, on immunoglobulin E (IgE)-mediated triphasic skin reaction in mice disappeared when gypsum was removed from the formula [5] . It was also reported that gypsum affected the extraction efficiency of organic compounds from the crude drugs prescribed in the formula. When chotosan, a kampo formula containing gypsum, Uncaria Hook (hook of Uncaria rhynchophylla), and nine other crude drugs, was decocted without gypsum, the content of alkaloids derived from Uncaria Hook in the filtered decoction was significantly decreased [6] . In makyokansekito, a kampo formula containing gypsum, Ephedra Herb, Apricot Kernel (seed of Prunus armeniaca), and Glycyrrhiza (root and stolon of Glycyrrhiza uralensis), the elution of alkaloids from Ephedra Herb significantly decreased when the formula was boiled without gypsum [7] .
The dosage of gypsum administered as kampo formulas is usually 5-15 g/day. However, physicians using kampo medicines have found clinically that a much higher gypsum dosage markedly enhances the ''heat''-clearing effect of the kampo formula. Imai et al. [8] reported that inflammatory skin lesions in patients with atopic dermatitis recovered when the gypsum dosage was increased from 15 to 100 g/ day in byakkokakeishito. However, there is no experimental evidence for the anti-allergic effects of byakkokakeishito or for the effectiveness of increasing the gypsum dosage in byakkokakeishito.
In the present study, we compared the anti-allergic activities of byakkokakeishito extracts (BKTs) prepared with varied amounts of gypsum to clarify the pharmacological role of gypsum in kampo formulas using three different murine models of allergy: contact dermatitis induced by painting hapten onto skin; allergic dermatitis induced by cutaneous injection of mite antigen; and skin passive cutaneous anaphylaxis (PCA) reaction using ovalbumin (OVA) as antigen.
Materials and methods

Preparation of herbal formulas
Gypsum (lot No. 7H16 M, natural hydrous calcium sulfate), Anemarrhena Rhizome (0E22, the rhizome of Anemarrhena asphodeloides), Cinnamon Bark (6K20 M, the bark of the trunk of Cinnamomum cassia, Chinese cinnamon), and Oriza Seed (5G29, the seed of Oryza sativa, Asian rice) were purchased from Daiko Shoyaku (Nagoya, Japan), and Glycyrrhiza (23040711, the root and stolon of Glycyrrhiza uralensis, Chinese liquorice) was from Tsumura (Tokyo, Japan). These crude drugs were of JPXVI grade and used as small pieces prepared by cutting or crushing of the whole crude drugs. The voucher specimens are deposited in our laboratory. Tables 1 and 2 show the components of BKT samples used in the present study. The standard gypsum dosage administered as BKT is 15 g/day according to an authentic textbook on kampo medicine [9] . The crude drugs corresponding to their daily dosage were packed together in paper bags and boiled in 600 ml of distilled water for 60 min. The crude drugs were then removed from the paper bags, and the decoctions were lyophilized. The dried extracts were stored at room temperature in a desiccator until use. Tables 1 and 2 also show the yields of the extracts.
Determination of calcium in BKT samples
The lyophilized BKT samples (10 mg) were dissolved in 100 ml distilled water, and the calcium concentrations were measured using an atomic absorption photometer (AA-660, Shimadzu, Kyoto, Japan). The measurement was repeated three times, and data are represented as mean ± S.E. 
Animal experiments
Balb/c and ddY mice were purchased from Japan SLC (Hamamatsu, Japan). NC/Jic mice were obtained from Clea Japan Inc. (Tokyo, Japan). They were housed in a temperature-controlled room (at 23 ± 1°C) with lighting from 7 a.m. to 7 p.m. and allowed free access to food (CE-2; Oriental Yeast, Tokyo, Japan) and water under conventional conditions. Lyophilized BKT samples were suspended in distilled water at prescribed concentrations and orally administered to mice. The experimental procedures were approved by the Animal Care Committee in Graduate School of Pharmaceutical Sciences, Nagoya City University.
Contact dermatitis model
The contact dermatitis model was prepared according to the method of Yamashita et al. [10] with slight modifications. Male Balb/c mice (6-7 weeks old) were initially sensitized by painting 100 ll of 2,4,6-trinitrochlorobenzene (TNCB; Nacalai Tesque, Kyoto, Japan) solution in acetone (50 mg/ml) onto their abdomens. 7 days after sensitization, the mice were challenged by painting 10 ll of TNCB solution in olive oil (10 mg/ml) on both sides of their right ears. In the normal group, each vehicle was painted on murine abdomens and ears. The thicknesses of both ears were measured using a dial thickness gauge (Peacok model G-1A, Ozaki MFJ; Tokyo, Japan) 24 h after challenge, and data are expressed as the difference in the thickness of the two ears. The BKT samples were suspended in water and administered once a day from 3 days before until 6 days after sensitization.
Mite antigen-induced atopic dermatitis-like skin lesion model
The model was prepared as described previously [11] . In brief, Dermatophagoides farinae allergenic extract (Greer, Lenoir, NC, USA) (mite antigen) was diluted to 1 mg/ml in saline, and intracutaneously injected into the right ears of the mice (10 ll/ear) on days 0 (first injection), 2, 4, 7, 9, 11, 14, and 16. The BKT samples were suspended in water and orally administered to the mice once a day from 7 days before until 16 days after the first injection. Ear thickness was measured using a dial thickness gauge 1 and 24 h after injection, and data are expressed as the difference from the values before the first injection. The mice were killed by CO 2 inhalation on day 17, and blood was collected. The area under the curve (AUC) from day 0 to day 17 after the first injection was calculated using the trapezoidal rule. IgE in the serum was measured by sandwich enzyme-linked immunosorbent assay.
PCA reaction model
The PCA reaction model was prepared as described previously [12] . In brief, OVA (Seikagaku Corporation, Tokyo, Japan) was suspended in 20 mg/ml Al(OH) 3 solution (final concentration of OVA, 10 lg/ml), and 0.2 ml of this suspension (OVA, 2 lg) was injected intraperitoneally into 4-week-old female Balb/c mice five times at 2-week intervals. 10 days after the fifth injection of OVA, whole blood was collected to obtain anti-OVA serum. A 10-ll aliquot of 30-fold diluted anti-OVA serum was injected intracutaneously into each ear of 6-week-old male ddY mice After 48 h, OVA (10 mg/kg body weight) in saline containing 0.5 % Evans blue (Wako Pure Chemicals) was injected intravenously to induce PCA reaction (antigen challenge). The BKT samples were suspended in water and administered orally to overnight-fasted mice 2 h before antigen challenge. The mice were killed by cervical dislocation 30 min after the antigen challenge. Their ears were removed, immersed in 0. Table 1 , and calcium contents were measured. Each column represents mean ± S.E. of three samples. b Each BKT sample was dissolved in MeOH and analyzed by HPLC as described in ''Materials and Methods''. Chromatograms are shown as the wavelength at 254 nm. Peaks were identified as mangiferin-7-Oglucoside (1), mangiferin (2), liquiritin (3), glycyroside (4), isoliquiritin (5), liquiritigenin (6), glycyrrhizin (7), and cinnamaldehyde (8) 
Results
Constituents of BKT samples
Various BKT samples were prepared by changing the amount of gypsum ( Table 1 ). The BKT sample prepared in order to provide the equivalent of the human daily dosage of gypsum (15 g/day) was recognized as a standard in a textbook of kampo medicine. The calcium content in the BKT samples increased as gypsum content increased (Fig. 1a) . No apparent differences in HPLC profiles were observed between the BKT samples prepared with various amounts of gypsum (Fig. 1b) . The amount of gypsum present in BKT did not affect the timosaponin A-III content, and BKT prepared without gypsum (BKT0), BKT15, and BKT prepared with 60 g/kg of gypsum (BKT60) contained 3.56, 3.43, and 3.39 mg of timosaponin A-III, respectively, in the amount of human daily dosage.
Contact dermatitis model
Daily oral administration of BKT15 significantly suppressed ear swelling induced by TNCB in a dose-dependent manner (Fig. 2) . We then compared the effect of modified BKT samples containing varying amounts of gypsum. The BKT samples were administered orally to mice at dosages corresponding to the BKT15 dosage (0.9 g/kg/day). The suppressive effects of BKT on the contact dermatitis model were not significantly different between the BKT samples containing different amounts of gypsum, and gypsum itself did not show any effects on murine contact dermatitis (data not shown).
Mite antigen-induced atopic dermatitis-like skin lesion model
Daily oral administration of BKT15 resulted in a significant decrease in ear swelling on days 15 and 17 after the first injection of the mite antigen (Fig. 3a) , and BKT15 (0.90 g/kg/day) significantly suppressed the level of ear swelling evaluated as AUC from day 0 to day 17 (Fig. 3b) . BKT15 suppressed serum IgE levels on day 17 in a dosedependent manner, and mice treated with BKT15 (0.90 g/ kg/day) exhibited a significant difference (Fig. 3c) . We then compared the effect of modified BKT samples containing varying amounts of gypsum at a dosage corresponding to the BKT15 dosage (0.90 g/kg/day). The suppressive effects on ear swelling and serum IgE levels were not significantly different between the BKT samples containing varying amounts of gypsum (data not shown).
PCA reaction model
A single oral administration of BKT15 to mice significantly suppressed the ear PCA reaction in a dose-dependent manner (Fig. 4a) . We then compared the effect of BKT containing varying amounts of gypsum at a dosage corresponding to the BKT15 dosage (0.45 g/kg). BKT0 did not suppress the PCA reaction, while BKT60 significantly reduced dye elution in the ears of mice (Fig. 4b) .
We prepared modified BKT60 samples by removing one crude drug from the byakkokakeishito formula at a dosage corresponding to the BKT60 dosage (0.47 g/kg/day) ( Table 2 ). BKT60 prepared without Oriza Seed exhibited a suppressive effect similar to that shown by the original BKT60. BKT60 prepared without Cinnamon Bark or Glycyrrhiza exhibited slightly less suppressive effect compared with the original BKT60. BKT60 prepared without Anemarrhena Rhizome lost its suppressive effect on the PCA reaction, and the dye elution was same as that in the control group (Fig. 4c) . Although neither Anemarrhena Rhizome nor gypsum significantly suppressed the PCA reaction, the extract prepared from a mixture of Anemarrhena Rhizome and gypsum exhibited an effect comparable to that of BKT60 (Fig. 4d) .
Discussion
In the present study, by using three different murine models of allergy, we have unambiguously shown for the first time that byakkokakeishito exhibited significant anti-allergic activities. It has been reported that byakkokaninjinto, another kampo formula containing gypsum, ameliorated symptoms of atopic dermatitis and inflammation in mice [5, 13] . The suppressive effect of byakkokaninjinto on IgE-mediated triphasic skin reaction in mice disappeared when byakkokaninjinto prepared without gypsum was administered [5] . These results may indicate that gypsum participates in the anti-allergic effects of the kampo formulas. Therefore, we evaluated how the antiallergic activity of BKT in the animal model is affected by changing the amount of gypsum in BKT.
In the PCA reaction model, the anti-allergic effect of BKT was significantly augmented by increasing the amount of gypsum. This effect of gypsum may be due to the increased extraction of low-molecular-weight organic compounds from other crude drugs prescribed in BKT together with gypsum. In fact, the concentration of Ephedra alkaloids of makyokansekito, a kampo formula comprising gypsum, Ephedra Herb, Armenia Seed, and Glycyrrhiza, was significantly decreased when prepared without gypsum [7] . However, in the present investigation neither the HPLC profiles nor the timosaponin A-III content in BKT was affected by the amount of gypsum in the formula.
Some physicians believe that there is no benefit in increasing the gypsum dosage to more than 20 g/day in the prescription because calcium concentration in water reaches saturation at this dosage [14] . However, the present study revealed that the calcium concentration in BKT was increased dose-dependently up to at least 60 g/day of gypsum when the crude drugs were boiled in 600 ml water, and the concentration did not reach the saturation level. The increased calcium concentration in BKT may have enhanced the anti-allergic effect of BKT in the PCA reaction when the amount of gypsum was increased. It has been reported that calcium promotes passive transport of drugs through the intestinal epithelial membrane in rats [15] . Mace et al. [16] revealed that a high calcium concentration in the intestinal lumen induces glucose transporter 2 (GLUT2) insertion into the apical membrane of intestinal endothelial cells and stimulates glucose absorption in a rat jejunal loop model. It is suggested that some types of glycosides in plant materials might pass through the intestinal membrane passively via GLUT2 [17] . In BKT, calcium may promote intestinal absorption of some anti-allergic compounds derived from the four other prescribed crude drugs forming BKT, apart from gypsum.
Increasing the amount of gypsum did not affect the antiallergic activity of BKT in the contact dermatitis model or the mite antigen-induced atopic dermatitis model. In the PCA reaction model, the drug was administered to mice as a single dose 2 h before antigen challenge, and dye efflux was estimated. In contrast, in the other two models, BKT was administered to mice once a day for 9 days (contact dermatitis model) or 23 days (mite antigen-induced atopic dermatitis model), and anti-allergic activity was evaluated about 24 h after the previous administration of BKT. Therefore, the blood concentration of active ingredients in BKT at the evaluation of the activity in the latter two models would be stable and at a lower level than that in PCA reaction model. Hence, the promotion of intestinal absorption of active ingredients by the increased calcium concentration might not affect the blood concentration at the time of evaluation in the latter two models, whereas in the PCA reaction model, increased intestinal absorption of the active compounds by calcium might lead to elevated blood concentrations of the active ingredients and thereby to enhanced anti-allergic activity of BKT.
The modified BKT samples prepared without Anemarrhena Rhizome or gypsum did not show significant antiallergic effects in the PCA model. Furthermore, the extract prepared by decocting a mixture of these two crude drugs exhibited an anti-allergic effect comparable to that of BKT, but neither Anemarrhena Rhizome nor gypsum alone exhibited this activity. These results suggest that some of the constituents derived from Anemarrhena Rhizome participate in the anti-allergic effects of BKT, and that calcium derived from gypsum would enhance the suppressive effect of BKT probably by enhancing intestinal absorption of the constituents. Lee et al. [18] estimated anti-allergic effects of several steroidal saponins isolated from Anemarrhena Rhizome and demonstrated that timosaponin A-III exhibits inhibitory activity in the PCA reaction and pruritus. We have shown in the present investigation that the timosaponin A-III content did not differ between BKT samples containing different gypsum contents. It would be interesting to examine whether gypsum promotes intestinal absorption of timosaponin A-III, and this awaits further investigation.
In conclusion, BKT exhibits an anti-allergic effect in several murine models. This may provide experimental evidence for the clinical use of BKT in allergic diseases. Gypsum may augment the anti-allergic activity of BKT, presumably by increasing intestinal absorption of Anemarrhena Rhizome-derived active constituents. Table 1 on the PCA reaction at the dose corresponding to the dose of BKT15 (0.45 g/kg) were evaluated (b). The suppressive effects of modified BKT samples shown in Table 2 on the PCA reaction at the dose corresponding to the dose of BKT60 (0.47 g/kg) were evaluated (c and d). Each column represents mean ± S.E. of 7 or 8 mice. *p \ 0.05 vs. control by Bonferroni/Dunnett's multiple t test J Nat Med (2014) 68:505-512 511
